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INTRODUCTION
Trunk diseases create tremendous prob-
lems for the viticulture industry causing
significant economical losses due to
reduced yields, increased crop manage-
ment costs for cultural and chemical
preventive measures, and shortened life
span of the vines (Munkvold et al., 1994;
Bertsch et al., 2013). No cures are currently
available and the diseased wood is typically
removed to limit the spread of infection
to other permanent structures of the vine.
Knowledge of the mechanisms responsi-
ble for the development of these diseases
is still limited. Recent advancements in
genome sequencing technologies (so-
called, Next Generation Sequencing) allow
us to quickly catalog the entire repertoire
of virulence functions of a plant pathogen,
a rapid acquisition of a huge amount of
information for organisms that were pre-
viously uncharacterized. We have recently
released the draft genome sequences
of pathogens associated with three
major trunk diseases of grapevine: esca
dieback (Phaeoacremonium aleophilum),
botryosphaeria dieback (Neofusicoccum
parvum), and eutypa dieback (Eutypa
lata). All data, including the raw sequenc-
ing data, have been deposited in public
databases (GenBank WGS and SRA
archives) and are also hosted on the
Cantu Lab website (http://cantulab.
github.com). The data is freely avail-
able to anybody with no restrictions.
Sequencing, assembly and preliminary
genomic analyses are described in the
journal Genome Announcements published
by the American Society of Microbiology
(Blanco-Ulate et al., 2013a,b,c). These
one-page reports provide scientists that
want to use the genomic information with
details on the pathogen strains sequenced
and how the sequencing and assembly
were performed. With the exception of
the genome of Botrytis cinerea (Amselem
et al., 2011) the fungal agent of bunch
rot, to our knowledge these are the first
genomes of fungal grape pathogens pub-
licly available. Updates to the current
genome versions will be readily shared
through the Cantu lab website hosted by
GitHub (http://github.com), which will
also provide a centralized repository for
bioinformatic scripts and pipelines used
in the genome analyses. The availability
of newer versions will be communi-
cated through Twitter (@CantuLab),
or any social media that is widely
used. By sharing these novel genomic
sequences through rapid public release,
we hope to stimulate research/scientific
crowdsourcing to understand how these
destructive pathogens cause disease,
reducing grapevine yield and lifespan.
This aggregation of talent and comple-
mentary expertise, with no need to initiate
formal collaborations, will significantly
reduce the time needed to solve these crit-
ical viticulture problems. We also hope
that our openness will help promote the




The first pathogen we sequenced was a
strain of the fungus Eutypa lata. This
particular strain was isolated from dis-
eased vines in Fresno County (California)
in 2011. E. lata had long been thought
to be the primary cause of grapevine
dead-arm and dieback symptoms until
other pathogenic fungi were also found
to be associated with these disease symp-
toms. Symptoms of dieback appear sev-
eral years after E. lata infection on
older vines (8–10 years) when, partic-
ularly in spring, small chlorotic leaves
with shortened internodes appear on
stunted shoots (Carter, 1991; Péros and
Berger, 1994). At the infected spur posi-
tions many flowers often dry before
blooming, while many of the success-
fully fertilized flowers develop into small
and sparse berries. Grape cultivars show
differences in their susceptibilities to
E. lata (Rolshausen et al., 2008), but
no resistant cultivars or completely effec-
tive management practices are currently
available. E. lata enters the host through
pruning or grafting wounds, colonizes the
vascular tissues, and gradually kills the
plant (Carter, 1991; Péros and Berger,
1994).
The second pathogen we sequenced
was a strain of the fungus Neofusicoccum
parvum isolated from infected grapevines
in Riverside County in 2011. Several
species in the Botryosphaeriaceae family,
including N. parvum are opportunistic
pathogens of grapevines causing the
so-called botryosphaeria dieback (Urbez-
Torres, 2011). N. parvum penetrates
grapevines through pruning and grafting
wounds and colonizes the host tissues,
causing shoot dieback, cane bleach-
ing, bud necrosis, and graft failure.
Wedge-shaped necrosis in the vascular
tissues of spurs, cordons, and trunks
are typical symptoms of botryosphaeria
dieback (Úrbez-Torres and Gubler, 2009,
2011).
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The third pathogen sequenced in
this series, was a strain of the fungus
Phaeoacremonium aleophilum, isolated
in Fresno County (California) in 2011.
This pathogen is associated with the esca
dieback complex (Surico et al., 2008;
Bertsch et al., 2013), which refers to
five syndromes: brown wood-streaking,
petri disease, young esca, esca, and esca
proper (Surico et al., 2008), which are
caused by P. aleophilum and other fun-
gal species. Disease symptoms internal
to the vine include, wood discoloration,
streaking, and vascular necrosis. External
symptoms include, leaf chlorosis and
necrotic stripes, berry black spots, decline
in vigor and yield, and in severe cases
plant death (Mugnai et al., 1999; Bertsch
et al., 2013). Species associated with esca
dieback and botryosphaeria dieback have
also been observed to survive within
the plant tissues as latent endophytes
becoming pathogenic only under certain
environmental and physiological condi-
tions (Mugnai et al., 1999; Slippers and
Wingfield, 2007).
Pruning wounds are the main entry
point of these fungi. Because there is
no curative treatment for these diseases
once they colonize the vine, preventa-
tive treatment with fungicide application
on wound surfaces is the only manage-
ment strategy. However, the incubation
period between the initial colonization of
the vine and the appearance of the first
symptoms (years in the case of E. lata)
deceive growers into a false sense of secu-
rity and thus they often do not spray
because vines look healthy at least in
the first years following the establish-
ment of the vineyard. Once diseases are
established and symptoms are expressed,
it is too late. In addition, the labor
costs associated with fungicide application
(because often done by hand on every
single wound following pruning) often
prohibits the implementation of a man-
agement strategy at a large scale. Too
often, growers do nothing to protect their
vines hoping they will not be too severely
impacted by these diseases (Rolshausen
et al., 2010).
The research focus of the scientific
community has for years been on find-
ing preventative fungicide treatments that
are effective. Also, there has been much
work done on the identification of the
causal agents of trunk diseases in various
wine growing regions. E. lata, N. parvum
and P. aleophilum are major cosmopoli-
tan pathogens, but many others with a
more restricted geographical range have
recently been identified. However, the
long incubation time required for these
pathogens to express symptoms does not
make them an easy model system to
study. The turnaround from setting up the
experiment to publication takes months,
sometimes years, and is not suited for
the academic system requirements of high
volume publications. In other words,
these pathosystems are not attractive for
young faculty trying to get tenure. For
these reasons, the research on trunk dis-
eases has been limited in scope. The
sequencing of genomes and crowdsourc-
ing provide tools for new research avenues
that will help find alternative manage-
ment strategies to the one currently in
place.
The effective colonization of the vine
with killing and rotting of the tissues
appears to depend on the capability of
these organisms to produce toxic metabo-
lites and enzymes that decompose the
plant cell walls. By computational predic-
tion and annotation, we identified genes
in the genomes of the three species that
may be playing important roles in killing
and rotting grapevine tissues, but where
do we go from here? Genomicists should
continue sequencing more pathogen iso-
lates and species, because more sequence
diversity allows for more information on
the evolution of pathogenicity and host
specificity, all necessary information in
order to develop broad and long term
solutions to the problem. But this is
not enough. We need a broader pool of
experts if we really want to figure out
the mechanisms in order to eradicate dis-
eases. So we need pathologists, epidemiol-
ogists, biochemists and geneticists to look
at toxin biosynthesis, cell wall degradation,
new methods to screen grape germplasm
for tolerance to trunk diseases, and
improved diagnostic tools for early detec-
tion of the pathogens in asymptomatic
vines, etc.
CROWDSOURCING
One solution that is rapidly gaining pop-
ularity in science is crowdsourcing. In
a scientific context, crowdsourcing is the
open decentralization of the experimen-
tal and analytical processes to involve as
many participants as possible to solve a
scientific question (Cooper et al., 2010)
or a current problem (MacLean et al.,
2013). This approach radically enlarges
the pool of potential scientific contrib-
utors to a project, which, by broaden-
ing the spectrum of expertise, increases
the chances of solving a particular prob-
lem, such as the eradication of grapevine
trunk diseases. Because the availability of
genomic information is often a critical
bottleneck to further experimentation, the
early release of the genome of an organism
is the necessary entry point to crowdsourc-
ing. As an example, since the grapevine
PN40024 genome sequence was released in
2007, the original Nature paper has been
cited over 900 times (The French-Italian
Public Consortium for Grapevine Genome
Characterization, 2007). The exponential
increase in the number of scientific papers
in this field after the public release of
the grapevine genome provides evidence
of how genomic resources can enable
future experimentation. The improvement
of sequencing and genotyping technolo-
gies along with computational tools have
provided us with an unprecedented capa-
bility of rapidly generating genomic infor-
mation for any organism of interest. While
the sequence of a single pathogen iso-
late is not sufficient to understand how
organisms evolve processes to overcome
host immunity and spread to multi-
ple plant species, it provides a nearly
complete catalog of virulence capabili-
ties, information that can be used by a
broad spectrum of scientists to under-
stand how these trunk pathogens infect
and kill grapevines helping to develop
improved diagnostic and disease con-
trol tools. More importantly, such an
approach of open engagement with respect
to research will also allow live peer-review,
with independent researchers contribut-
ing, reviewing and analyzing the data,
leading to an improvement in the qual-
ity of the data. Thus, the early release
of genome sequences benefits from a dis-
tributed peer-review and improvement of
the data and, at the same time, bene-
fits the community by providing critical
information.
Crowdsourcing has already been
successfully applied in several fields.
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A remarkable example is Foldit, a
community-based effort that uses “human
intelligence” to optimize protein structure
prediction (Cooper et al., 2010). Despite
the success of Foldit, crowdsourcing has
not experienced wide-spread application
in the life sciences, mostly because of the
current methods of evaluation of scientific
impact and academic performance that
are based on publication in peer-reviewed
journals and journal citation analyses
(Salisbury, 2013). In this traditional sys-
tem, scientists benefit from keeping data
secret, including genomic sequences, until
formal acceptance of their publication in
a peer-reviewed journal, which may hap-
pen years after the data are produced.
This data secrecy is necessary to be able to
publish in a high-impact journal, a crit-
ical product for career advancement in
academia. Despite the clear value and
possibly broad impact of early release
of the genome sequence of an organ-
ism of common interest, a data set per
se is not currently formally evaluated as
a scientific product in the academic con-
text. The introduction of journals, such as
Genome Announcements (http://genomea.
asm.org), represents a step forward to
promote the early release of genome
sequences. Genome Announcements pub-
lishes short reports that describe genome
sequences that are available in pub-
lic databases, which not only provide
valuable basic technical information to
the reader, but also a citation from any-
one that uses the data. Additionally, the
scientific community is rapidly acquir-
ing new ways to evaluate the impact
of published works that go beyond the
traditional bibliographic ranking based
on academic journal citation analysis.
These new forms of measuring scientific
impact, such as Altmetrics, use the num-
ber of Twitter tweets, Facebook shares,
and saves on Delicious and Mendeley to
measure the article’s popularity in real
time, tracking how fast it spreads through-
out the community. While traditional
peer-review happens before publica-
tion, internet and social media provide
an avenue for continued peer evalua-
tion, correction, and improvement after
publication.
The introduction of new journals,
the spread of open access publication
policies to major institutions, such as
the University of California system
(http://senate.universityofcalifornia.edu/o
pen_access_press_release_2013.pdf), new
forms of impact evaluation, and frame-
works for collaborative analysis, such
as Github and Synapse (http://sagebase.
org/synapse/), hold the promise to facil-
itate the quick and open flow of data
to accelerate scientific discoveries while
rewarding those who generate data and
provide open-access to critical informa-
tion that benefits the community, which
ultimately improves the scientific prod-
uct through temporally extended and
broader peer-revision. Just this year,
MacLean et al. put out a call for crowd-
sourcing the genomic analyses of ash
and ash dieback (MacLean et al., 2013).
We believe this is the beginning of the
stampede and welcome people with
the appropriate expertise to help ana-
lyze the genomic information we have
shared, contributing to solve one of the
most pressing problems of the grape
industry.
ACKNOWLEDGMENTS
This work was supported by funding
to Dario Cantu from the College of
Agricultural and Environmental Sciences
(UC Davis), to Karen L. Block from the
College of Agricultural and Environmental
Sciences (UC Davis), The Executive
Leadership Board of the Department
of Viticulture and Enology (UC Davis),
and J. Lohr Vineyards and Wines, and to
Philippe E. Rolshausen from the College
of Natural and Agricultural Sciences
(UC Riverside).
REFERENCES
Amselem, J., Cuomo, C. A., van Kan, J. A., Viaud, M.,
Benito, E. P., Couloux, A., et al. (2011). Genomic
analysis of the necrotrophic fungal pathogens
Sclerotinia sclerotiorum and Botrytis cinerea. PLoS
Genet. 7:e1002230. doi: 10.1371/journal.pgen.
1002230
Bertsch, C., Ramírez-Suero, M., Magnin-Robert,
M., Larignon, P., Chong, J., Abou-Mansour, E.,
et al. (2013). Grapevine trunk diseases: com-
plex and still poorly understood. Plant Pathol.
62, 243–265. doi: 10.1111/j.1365-3059.2012.
02674.x
Blanco-Ulate, B., Rolshausen, P., and Cantu,
D. (2013a). Draft genome sequence of
Neofusicoccum parvum (isolate UCR-NP2),
a fungal vascular pathogen associated
with grapevine cankers. Genome Announc.
1:e00339-13. doi: 10.1128/genomeA.
00339-13
Blanco-Ulate, B., Rolshausen, P., and Cantu, D.
(2013b). Draft genome sequence of the ascomycete
Phaeoacremonium aleophilum strain UCR-PA7,
one of the causal agents of the esca disease
complex in grapevines. Genome Announc.
1:e00390-e00313. doi: 10.1128/genomeA.
00390-13
Blanco-Ulate, B., Rolshausen, P. E., and Cantu,
D. (2013c). Draft genome sequence of the
grapevine dieback fungus Eutypa lata UCR-
EL1. Genome Announc. 1:e00228-e00213. doi:
10.1128/genomeA.00228-13
Carter, M. V. (1991). The Status of Eutypa Lata as a
Pathogen. Phytopathological Paper No. 32. C.A.B.
Wallingford: International Mycological Institute
Oxon.
Cooper, S., Khatib, F., Treuille, A., Barbero, J.,
Lee, J., Beenen, M., et al. (2010). Predicting
protein structures with a multiplayer online
game. Nature 466, 756–760. doi: 10.1038/
nature09304
MacLean, D., Yoshida, K., Edwards, A., Crossman, L.,
Clavijo, B., and Clark, M. (2013). Crowdsourcing
genomic analyses of ash and ash dieback—power
to the people. GigaScience 2:2. doi: 10.1186/2047-
217X-2-2
Mugnai, L., Graniti, A., and Surico, G. (1999).
Esca (black measles) and brown wood-streaking:
two old and elusive diseases of grapevines.
Plant Dis. 83, 404–418. doi: 10.1094/PDIS.1999.
83.5.404
Munkvold, G. P., Duthie, J. A., andMarois, J. J. (1994).
Reductions in yield and vegetative growth of
grapevines due to Eutypa dieback. Phytopathology
84, 186–192. doi: 10.1094/Phyto-84-186
Péros, J. P., and Berger, G. (1994). A rapid method
to assess the aggressiveness of Eutypa lata iso-
lates and the susceptibility of grapevine cultivars
to Eutypa dieback. Agronomie 14, 515–523. doi:
10.1051/agro:19940804
Rolshausen, P. E., Greve, L. C., Labavitch,
J. M., Mahoney, N. E., Molyneux, R. J.,
and Gubler, W. D. (2008). Pathogenesis of
Eutypa lata in grapevine: identification of
virulence factors and biochemical character-
ization of cordon dieback. Phytopathology
98, 222–229. doi: 10.1094/PHYTO-98-
2-0222
Rolshausen, P. E., Úrbez-Torres, J. R., Rooney-
Latham, S., Eskalen, A., and Gubler, W. D.
(2010). Evaluation of pruning wound susceptibil-
ity and protection against fungi associated with
grapevine trunk diseases. Am. J. Enol. Vit. 61,
113–119.
Salisbury, M. (2013). Available online at
http://techonomy.com/2013/05/can-crowdsourcing
-succeed-in-life-sciences/
Slippers, B., and Wingfield, M. J. (2007).
Botryosphaeriaceae as endophytes and latent
pathogens of woody plants: diversity, ecology
and impact. Fungal Biol. Rev. 21, 90–106. doi:
10.1016/j.fbr.2007.06.002
Surico, G., Mugnai, L., and Marchi, G. (2008).
“The esca disease complex,” in Integrated
Management of Diseases Caused by Fungi,
Phytoplasma and Bacteria, eds A. Ciancio
and K. G. Mukerji (Dordrecht: Springer
Netherlands), 119–136. doi: 10.1007/978-1-4020-
8571-0_6
www.frontiersin.org October 2013 | Volume 4 | Article 394 | 3
Block et al. Grape pathogenomics and crowdsourcing
The French-Italian Public Consortium for Grapevine
Genome Characterization. (2007). The grapevine
genome sequence suggests ancestral hexaploidiza-
tion in major angiosperm phyla. Nature 449,
463–467. doi: 10.1038/nature06148
Úrbez-Torres, J., and Gubler, W. (2009). Pathogenicity
of Botryosphaeriaceae species isolated from
grapevine cankers in California. Plant Dis. 93,
584–592. doi: 10.1094/PDIS-93-6-0584
Urbez-Torres, J. R. (2011). The status of
Botryosphaeriaceae species infecting grapevines.
Phytopathol. Mediterr. 50, 5–45.
Úrbez-Torres, J. R., and Gubler, W. D. (2011).
Susceptibility of grapevine pruning wounds
to infection by Lasiodiplodia theobromae and
Neofusicoccum parvum. Plant Pathol. 60, 261–270.
doi: 10.1111/j.1365-3059.2010.02381.x
Received: 13 August 2013; accepted: 14 September 2013;
published online: 02 October 2013.
Citation: Block KL Rolshausen PE and Cantu D
(2013) In search of solutions to grapevine trunk dis-
eases through “crowd-sourced” science. Front. Plant Sci.
4:394. doi: 10.3389/fpls.2013.00394
This article was submitted to Plant-Microbe Interaction,
a section of the journal Frontiers in Plant Science.
Copyright © 2013 Block, Rolshausen and Cantu.
This is an open-access article distributed under the
terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) or
licensor are credited and that the original publication
in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduc-
tion is permitted which does not comply with these
terms.
Frontiers in Plant Science | Plant-Microbe Interaction October 2013 | Volume 4 | Article 394 | 4
